The asymmetric synthesis of N-tosyl cathinone, a high reactive α-amino ketone, via the addition of 2-lithio-2-phenyl-1,3-dithiane to a sulfinimine (N-sulfinyl imine), is described. It was found that the resistance of N-tosyl α-amino ketones to epimerization is related to the ability of this protecting group to stabilize anions at nitrogen.
Introduction
Recently we described a new approach for the asymmetric synthesis of α-amino aldehydes and ketones which are valuable chiral building blocks widely used in asymmetric synthesis. 1, 2 This protocol involves addition of 2-lithio-1,3-dithianes to enantiopure sulfinimines (N-sulfinyl imines) (S S )-1 to give N-sulfinyl α-amino cyclic dithioketals 2a (R' = alkyl, aryl) 3 and acetals 2b (R' = H) 4 in good yield and high diastereoselectivity (Scheme 1 2 ], affording the N-sulfinyl α-amino ketones (S S ,S)-4 without epimerization.
3 Similar treatment of 2b resulted in decomposition, but with 1,3-dibromo-5,5-dimethylhydantoin (DBDMH, 3) they gave the N-tosyl α-amino aldehydes (S)-5, again without epimerization. 4 We describe here the synthesis of (S)-(-)-α-(N-ptoluenesulfonyl)aminopropiophenone (N-tosyl cathinone), and as a result further define the scope and limitations of the asymmetric synthesis of α-amino ketones using α-amino cyclic dithioketals. (-)-Cathinone (6) obtained from the leaves of Catha edulis (Khat) exhibits cardiovascular activity 5 and is reported to have activity similar to amphetamines 6 and dopamine. 7 Several targeted asymmetric syntheses of the N-tosyl and the hydrochloride salt of this material have been described because α-amino ketones are not stable unless suitably N-protected. 1 These methods include ring opening of aziridines, 8 asymmetric aminohydroxylation of silyl enol ethers and alkenes, 9 catalytic asymmetric aziridination of enols, 10 and Friedel-Crafts acylation.
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Unfortunately these procedures are lengthy and the product is obtained with modest stereoselectivity. Because the amino 1,3-dithiane (S S ,S)-7 is generated in one step from a sulfinimine, our synthesis of (-)-6 or an N-protected 6 is expected to be highly efficient (Scheme 2). Furthermore, this protocol is amenable to the synthesis of amino ketone analogs that on reduction would provide enantiopure 1,2-amino alcohols, valuable chiral auxiliaries. 
Results and Discussion
Our synthesis begins with addition of 1.5 equiv of the preformed 2-lithio-2-phenyl-1,3-dithiane to (S S ,E)-(+)-N-ethylidene-4-methylbenzenesulfinamide (8a) at -78 o C (Scheme 3). 13 
2-(1-
Aminoethyl)-1,3-dithiane (S S ,S)-(+)-7a was obtained in 68% yield and 71% de ( Two equiv of 2-lithio-2-phenyl-1,3-dithiane were added.
The inability to separate diastereoisomers is occasionally observed in the addition of carbanion species to sulfinimines and can often be overcome by changing the Z group linked to sulfinyl moiety. 15 Diverse enantiopure N-sulfinyl imines can be prepared using the N-sulfonyl-1,2,3-oxathiazolidine-2-oxide chiral auxiliary introduced by Senanayake and co-workers. 16 This research group also reported that the diastereoselectivity for Grignard addition to sulfinimines improves as the steric size of the N-sulfinyl moiety increases. 16b Importantly, we found that the reaction of (S S )-8b and (S S )-8c, showing in turn 2,4,6-trimethylphenyl (TMP) and 2,4,6-triisopropylphenyl (TIPP) groups linked to sulfur atom, resulted in separable mixtures of isomers affording (S S ,S)-7b and (S S ,S)-7c in 65 and 80 % isolated yields, respectively (Scheme 3 and Table 1 , entries 4 and 5). However, the effect of Z's size on the stereoselectivity was unclear. Best results were observed for the N-tert-butanesulfinyl group where only a single diastereoisomer was obtained. However, the reaction was slow resulting in only 30% of (S S ,S)-(+)-7d after 0.5 h. With two equiv of 2-lithio-2-phenyl-1,3-dithiane the yield of (+)-7d improved to 70% (Table 1, entry 7) . Next, we explored the selective hydrolysis of the thioketal moiety in 7a-d using DBDMH (3) and bis(trifluoroacetoxy)iodobenzene (Scheme 4). These results are summarized in Table 2 . For Z = p-tolyl, earlier results had shown that 3 not only hydrolyzes the thioketal group but also oxidizes the p-toluenesulfinyl group to a tosyl group. 4 Bis(trifluoroacetoxy)iodobenzene was more selective leaving the p-toluenesulfinyl group intact. 3 In both examples there was no epimerization of the α-amino carbonyl compounds. The results summarized in Table 2 reveal that hydrolysis with PhI(O 2 CCF 3 ) 2 of 7a, 7b, and 7c, where the N-sulfinyl Z group is aryl, gives the corresponding N-sulfinyl α-amino ketones 9 in good yield. However, the only compound which did not experience some racemization was 9a where Z is p-tolyl ( Table 2 , entry 1), while 9b and 9c with the TMP and TIPP N-sulfinyl groups respectively exhibited some epimerization ( Table 2 , entries 3 and 5). For 7d where the Z group is tert-butyl (t-Bu) complete racemization occurred (Table 2, entry 7). For 7a, 7b, and 7c hydrolysis with 3 (DBDMH) afforded the corresponding sulfonamides 10a, 10b, and 10c in moderate yields (Table 2 , entries 2, 4, and 6). However, with 7d decomposition was the result ( Table 2 , entry 8).
One of the advantages of preparing α-amino carbonyl compounds from sulfinimines and lithio-1,3-dithianes is that the N-sulfinyl group can be easily removed in the N-sulfinyl α-aminoalkyl 1,3-dithiane product. This means that the free amino group can be re-protected with a group more amenable to hydrolysis of the thioketal group, one that does not lead to epimerization. To explore this possibility (S S ,S)-(+)-7d (>98% de) was treated with 1 N HCl in ether to give (S)-(-)-2-(α-aminoethyl)-1,3-dithiane (11) in 98% yield (Scheme 5). The amino group was re-protected as the tosylate with TsCl to give (-)-12a, with (Boc) 2 O to give (-)-12b, and with trifluoroacetic anhydride (TFAA) to give (-)-12c. In using N,N-dimethyl-4-aminopyridine (DMAP) to affect the N-Boc protection of (-)-11 low yields of 12b (ca 20%) resulted with the formation of urea (-)-15 in 40% yield. Ureas, such as 15, have been noted by others. 17 The formation of 15 was avoided by omitting the use of DMAP, so affording (S)-(-)-12b in 98% yield. Hydrolysis of (-)-12a (Z = Ts) with 3 afforded (S)-(-)-α-(N-tosyl)aminopropiophenone (10a) in 96% yield and better than 98% ee (Table 2, entry 9). 10 The synthesis of (S)-(-)-10a represents a formal asymmetric synthesis of (-)-cathinone (6). Interestingly, similar hydrolysis of the NBoc (-)-12b with 3 or PhI(O 2 CCF 3 ) 2 resulted in good yields of 13, but the product was racemic ( Table 2 , entries 10 and 11). Hydrolysis with HgCl 2 -CH 3 CN-H 2 O and Dess-Martin periodinane (DMI) also resulted in racemization ( Table 2 , entries 12 and 13).
From the above studies, it appears that only the tosyl and sulfinyl N-protecting groups are able to prevent racemization of the α-amino carbonyl moiety under the conditions employed for thioketal hydrolysis (Table 2 , entries 1 and 2). Racemization results from the removal of the α-proton in the α-amino carbonyl compound forming the enol. Earlier we remarked on the superior protecting group abilities of the N-tosyl group for preventing racemization of α-amino carbonyl compounds because of its ability to stabilize anions at nitrogen. 4 The lesser ability of the N-Boc group to stabilize anions at nitrogen is reflected in the epimerization (-)-12b under the hydrolysis conditions (Table 2 , entries 10-13). In support of this argument there is the fact that hydrolysis of (-)-12c, which has the N-trifluoroacetyl protecting group, did not result in epimerization (Table 2 , entry 14). The anion stabilizing effects of tosyl, Boc, and CF 3 C(O) can be estimated from Hammett σ p values of 0.72, 0.45, and 0.8 respectively. 21 Since the σ p for
MeS(O) is 0.49, similar to Boc, this strongly suggests that the arenesulfinyl groups in 7a-c are first oxidized by 3 to the corresponding arenesulfonyl groups prior to hydrolysis of the thioketal moiety.
Conclusions
In conclusion, a four step synthesis of (S)-(-)-α-(N-tosyl)aminopropiophenone (10a), with an overall yield of 62% is described involving the addition 2-lithio-2-phenyl-1,3-dithiane to a sulfinimine. This represents a highly efficient formal asymmetric synthesis of the alkaloid cathinone, a reactive α-amino ketone that is not stable without suitable N-protection. The highest diastereoselectivities were observed for addition of the 2-lithio-1,3-dithiane to the tertbutane-derived sulfinimine of acetaldehyde (+)-8d. However, hydrolysis of the thioketal moiety resulted in decomposition and it was avoided by its conversion into the corresponding N-tosyl derivative. These results further emphasize the superior protecting group ability of the N-tosyl group for α-amino carbonyl compounds. A variety of methods are now available for the facile cleavage of sulfonamides.
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Experimental Section
General Procedures. Column chromatography was performed on silica gel, Merck grade 60 (230-400 mesh). TLC plates were visualized with UV, in an iodine chamber, or with phosphomolybdic acid, unless otherwise noted. 1 H NMR and 13 C NMR spectra were recorded at 400 and 100 MHz, respectively. Unless stated otherwise, all reagents were purchased from commercial sources and used without additional purification. Sulfinimines 8a, 13 8b, 8c, and 8d
were prepared by condensing acetaldehyde with (S S )-(+)-p-toluenesulfinamide, 13 
General procedure for synthesizing (S S ,E)-N-ethylidenesulfinamides. (S S ,E)-N-Ethylidene-2,4,6-trimethylbenzenesulfinamide (8b). Typical Procedure
In a 50 mL round bottom flask equipped with stirring bar and argon balloon 0.100 g (0.546 mmol) of (+)-2,4,6-trimethylbenzenesulfinamide, 0.185 mL (3.297 mmol) of acetaldehyde, and 0.570 mL (2.719 mmol) of Ti(OEt) 4 (Aldrich) in 10 mL of CH 2 Cl 2 were placed. After stirring at rt for 1.5 h and monitoring by TLC, the reaction was quenched at 0 °C by addition of H 2 O (10 mL). The turbid solution was filtered through Celite, and the filter cake was washed with CH 2 Cl 2 (2 × 10 mL). The aqueous phase was washed with CH 2 Cl 2 (10 mL), the combined organic portions were dried (Na 2 SO 4 ) and concentrated. 
(S S ,S)-2-{[1-N-(2-Methylpropane-2-sulfinyl)amino]ethyl}-2-phenyl-1,3-dithiane (7d).
In a 25 mL, oven-dried, single-necked, round-bottomed flask equipped with a magnetic bar, rubber septum, and argon balloon 2-phenyl-1,3-dithiane (0.260 g, 1.324 mmol) in THF (4 mL) was placed, the solution was cooled to -20 o C and BuLi (0.71 mL, 1.775 mmol, 2.5 M in hexanes)
was added slowly. After 1.5 h, the resulting solution was cooled to -78 o C and added via cannula to a solution of (S S )-(-)-8a (0.100 g, 0.552 mmol) in THF (3 mL) maintained at -78 °C. The reaction mixture was stirred for 0.5 h and quenched at -78 o C by addition of sat. NH 4 Cl solution (1 mL). EtOAc (5 mL) was added to the solution, the aqueous phase was washed with EtOAc (2 × 10 mL), and the combined organic phases were washed with brine (5 mL 
General procedure for hydrolysis of N-sulfinyl α-aminoethyl 1,3-dithianes using bis(trifluoroacetoxy)iodobenzene [PhI(O 2 CCF 3 ) 2 ]. (S S ,S)-2-[N-(2,4,6-Trimethyl benzenesulfinyl)amino]-1-phenylpropan-1-one (9b)
In a 25 mL, oven-dried, one-necked, round-bottomed flask equipped with a magnetic stirring bar, (+)-7b (0.040 g, 0.099 mmol) was placed in acetonitrile/H 2 O (9:1, 6 mL). The solution was cooled to -20 o C using CCl 4 /CO 2 and bis(trifluoroacetoxy)iodobenzene (0.086 g, 0.267 mmol) was added in one portion. After 20 min, the reaction was quenched by addition of sat. aqueous NaHCO 3 (2 mL), followed by addition of 1,3-dithiane (0.0624 g, 0.2 mmol). The solution was diluted with EtOAc (5 mL), the aqueous phase was extracted with EtOAc (2 x 5 mL), and the combined organic phases were washed with brine (5 mL), dried (Na 2 SO 4) , and concentrated. Flash chromatography (EtOAc/hexane, 3:7) afforded 0.012 g (50%) of a colourless oil, as 4 General procedure for hydrolysis of N-sulfinyl α-aminoethyl 1,3-dithianes using 1,3-dibromo-5,5-dimethylhydantoin (DBDMH, 3).
4-Methyl-N-[(1S)-1-methyl-2-oxo-2-phenylethyl]benzenesulfonamide (10a)
In a 10 mL, oven-dried, single-necked, round-bottomed flask equipped with a magnetic bar, rubber septum, and argon balloon crude (+)-7a (de 71%, 0.063 g, 0.167 mmol) in acetone (1 mL) was placed at rt and the mixture was added to a solution of 1,3-dibromo-5,5-dimethylhydantion (3, DBDMH) (0.143 g, 0.500 mmol) in 95% aqueous acetone (3 mL) at 0 °C in a 25 mL roundbottomed flask equipped with a magnetic stirring bar, rubber septum, and argon balloon. The solution was stirred at 0 °C for 15 min, shaken with a mixture of sat. aqueous sodium sulfite (5 mL), and 1:1 hexane/CH 2 Cl 2 (20 mL) in a separatory funnel. The organic phase was washed with sat. aqueous NaHCO 3 (1 x 5 mL), H 2 O (5 mL), brine (5 mL . In a 25 mL, oven-dried, singlenecked, round-bottomed flask equipped with a magnetic stirring bar, rubber septum, and argon balloon (+)-7d (0.110 g, 0.320 mmol) was placed in MeOH (17 mL). HCl (1.25 mL, 1.0 M in Et 2 O) was added at rt, the solution stirred for 1 h, the mixture was diluted with H 2 O (10 mL), and enough NaOH (1 M in H 2 O) was added until pH 9 was attained. The reaction mixture was extracted with CH 2 Cl 2 (2 x 10 mL), the combined organic phases were dried (Na 2 SO 4 ), and (14) . In a 25 mL, ovendried, single-necked, round-bottomed flask equipped with a magnetic bar, rubber septum, and argon balloon 3 (0.075 g, 0.262 mmol) was placed in aqueous acetone (2 mL, 5% H 2 O) at 0 o C, and (-)-12c (0.035 g, 0.104 mmol) in acetone (1 mL) was added at this temperature. After stirring for 10 min, the reaction was quenched by shaking with sat. aqueous sodium sulfite (5 mL) and 1:1 hexane/CH 2 Cl 2 (5 mL) in a separatory funnel. 
